[Biosynthetic mechanism of the bioactive sulfated glycosaminoglycans].
Sulfated glycosaminoglycans including heparin/heparan sulfate and chondroitin/dermatan sulfate have been implicated in numerous pathophysiological phenomena in vertebrates and invertebrates. The critical roles of glycosaminoglycans, especially heparan sulfate, in developmental processes involving the signaling of morphogens such as Wingless and Hedgehog proteins, as well as of fibroblast growth factor, in Drosophila have recently become evident. In biosynthesis, the tetrasaccharide sequence (GlcA-Gal-Gal-Xyl-), designated the protein linkage region, is first built on a specific Ser residue at the glycosaminoglycan attachment site of a core protein. A heparin/heparan sulfate chain is then polymerized on this fragment by alternate additions of N-acetylglucosamine and glucuronic acid (GlcA) through the actions of glycosyltransferases with overlapping specificity encoded by the tumor suppressor EXT family genes. In contrast, a chondroitin/dermatan sulfate chain is synthesized on the linkage region by alternate additions of N-acetylgalactosamine and GlcA through the actions of glycosyltransferases, designated chondroitin synthases. Recent studies have achieved purification of a few and molecular cloning of all of the glycosyltransferases responsible for these reactions and have revealed the bifunctional nature of a few of these enzymes. The availability of the cDNA probes has provided several important clues to help solve the molecular mechanisms of the biosynthetic sorting of heparin/heparan sulfate and chondroitin/dermatan sulfate chains, as well as of the chain elongation and polymerization of these glycosaminoglycans.